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I 
This invention relates to two-stage proportion- 
al hydraulic control Valves .and has for ifs ob- 
ject Che provision of a simple, reliable propor- 
tional hydraulic control valve in which thé effect 
of reactio.n forces is minimized fo redice thé. ac- 
tuating force required fo operate thé valve whfle 
maintaining stable operating conditions therein. 
In général, my inven¢ion: consists of a two- 
stage proporional hydraulic conrol valve in 
which thé opération of a relativelY large main 
valve thereof is controlled iii proportional re- 
sponse fo theo:peration of a relatively small con- 
centrically positioned pilot valve. 
For a complété Understanding of .my inven- 
tion, référence should bé had fo thé following 
spécification and thé accompanying drawing 
which is a cross-sectional view of a hydralLlic con- 
trol valve illustrative of my..invention. 
leferring fo. thé drawing, I have shown there-. 
in a proportional hydraulic con¢rol valve | illus- 
trative of my invention and comprising a hous- 
ing 2 having a dump passageway. 3 and inlet Pas- 
sageway 4;a pair of working passageways  and 
6, and a hollow cylindrical interio.r surface 7. 
Each of thé passageways 4-6 is spaced in thé 
housing 2, as shown in the.drawing..Passageways 
3 and 4 provide communication between thé ex- 
terior and interior of thé housing 2, and passage- 
ways  and 6 extend îrom thé exterior of thé 
housing 2 a predetermined distance in thé direc- 
tion of thé interior thereof. 
A cylindrically.shaped valve sleeve 6 having a 
cylindrical bore or interior .9 is assembled in fixed 
position within thé interior surface 7 of thé hous- 
ing 2. A cylindrically shaped.main valve |0.hav- 
ing a hollow cylindrical interior surface || and 
opposite ends |2, |3 of .reduced diameter, is slid- 
ably positioned in thé interior 9 of  thé valve sleeve 
8. Thé housing )- is provided with a pair of op- 
posite closed ends |4, | having a pair of aligned 
apertures |6 and |7 respectively located in thé 
opposite ends |4, |.as shown in Fig. 1, fo ac- 
commodate respectively thé projecting ends |2, 
|3 of thé main valve f0. A main body portion |8 
of thé main valve f0 is ruade of shorter length 
than thé length of thé housing 2 o form a pair 
of pressure chambers |.9 and 20, oné ai each end 
of thé main valve f0 between adjacent surfaces 
of thé housing ends |4 and |, thé main valve 
| 0, and thé valve sleeve 8,. 
Within thé cylindricaliy shaped interior sur- 
face |! of thé main valve, f0, I .provide a pilot 
valve 2| having a relatively small diameter as 
compared with .-thé diameter of thé main. valve 
f0. Thé pilot valve 2i is: slidably positioned in 
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thé interior surface | | of thé main valve f0 and 
has opposite ends 22, 23 exposed fo thé exterior 
of thé housing 2. 
Thé pilot valve 2| is .operated by any suitable 
5 device. For example,  préfet to use a pair oI 
proportional solenoids 24, 2 having respective 
armatures 26, 27, and respective.operating coils 
28 and 29 and positioned oné ai either end of 
thé ,pilot valve | ¢o provide engagement of thé 
10 armature 2 of thé solenoid 24 with thé end 2 
of thé pilot valve 2| and engagêment of thé ar- 
mature 27 of thé solenoid 2 with thé end 23 
of thé pilot valve. 2 |. An example of propor- 
tional solenoids suitable for operatien of thé pilot 
15 valve 2| is shown in U. S. Patent 2,435,817 Of 
' Boynton e al., assigned fo thé saine ssignee as 
this présent application. Thé pilot valve 2| is 
arranged for slidable movement, on thé interior 
surface ! | of thé main valve | 6 in accordance with 
20 thé 17elative energizatio of thé coils 28, 29 of thé 
respecteive solenoids 24, 2. 
To provide or thé passage of fluid under pres- 
sure from .thé _inlet passageway 4 fo a selected-. 
oné of thé working passageways  and , depeiid ' 
25 ent upon thé slidable position of thé main valve 
f0 in thé valve sleeve 8, an amlUlar groove 30 
communicating with tle passageway 4 is formed 
in thé outeï periphery 3 | of thé valve sleeve 8. 
A plurality of apertures 32 communicating with 
0 thé groove 30 are formed in thé valve sleeve 8. 
A pair of spaced armular grooves 33 and. 34 are 
formed in thé outer periphery of thé main valve 
f0 on o:pposite sides of thé aPerture 32 of thé 
valve sleeve 6. A pair oî spaced armular grooves 
35 3 and 36 communicating, respectively with thé 
working passageways  and 6 are formed in. thé 
interior surface 7 of thé housing 2. A pair of 
spaced annular grooves 37 and 38 communicat- 
ing respectively with thé annular groo'es 3 and 
30 are formed, in thé exterior periphery of thé 
valve sleeve 8. A plurality of spaced apertures 
39 communicating with thé annular groove 37 of 
thé valve sleeve 8 and annular groove 33 of thé 
main valve f0 are formed in thé valve s!eeve 8. 
A plurality Of spaced apertures 40 co.mmunicat- 
ing with thé annular groove 36 of thé valvWsleeve 
6 and thé annular groove 34 of thé main valve | 
are formed in thé valve sleeve . 
-if will bé noted that thé formation of thé an- 
nular grooves 33 and 34 in thé main valve f0 pro- 
rides a lan_d 4| aligned with thé apertures3 of 
thé valve sleeve 6 to interrI!pt communication 
between .thé passagewaY 4 and thé gr0oves-33 
and 34 when thé main valvé f0 is in thé "off" 
position, as shown in Fig. 1. - Thus, for thé "off" 
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position of the main valve  0, fluid under pres-  0 moves to the rigtt until the aperture 43 ttere- 
sure is prevented from passing to either of the of is again aligned with the land 50 of the pilot 
working passageways 5 and 5. However, when valve 2 I, whereupon the land 59 again inter- 
the main valve 15 is slidably mived to the right, rupts the admission of fluid under pressure to 
communication is established through the groove 5 the pressure chamber 19 and prevents further 
33, associated apertures 39 and associted grooves movement of the main wlve I to the right.  
3 nd 35, .te the working pssgewy 5. Thus, this mer or euch movement of the pilot vlve 
fluid under pressée is passed from the passage- 21 to the right, as goveed by the operation of 
way 4 to the passageway  when he m wlve the solenoids 2 and 2, the main wlve   follows 
I@ is moved to he rht. Conversely, when the 10 in response to fld pressure established in the 
ma vaive I is moved to he left from the "off" pressure chamber 19 untfl the main wlve I has 

position, fluid under pressure is passed from the 
passageway 4 through the annular groove 34 of 
the main valve 9 and associated apertures 40 
and grooves 38 and 35 aligned with .the annular 
groove 34 to the working passageway 5. More- 
over, the amount of displacement to the left or 
right of the main valve 0 from the "off" .posi- 
tion is determinative of the area of apertures 32 
utilized ,fo pass fluid fo the selected passageway 
5 or 6 andtherefore determines the flow of fluid 
through the two-stage control valve l. 
To operate the main valve 10 in response to 
the operation of pilot valve 2| by solenoids 24 
and 25 and fo control the movement of the main 
valve 9 propo1¢ionaily to the movement of the 
pilot valve 21, an annular groove 42 is formed in 
the land 4. A pluraiity of apertuïes 43 aligned 
with the annular groove 42 are formed in the 
main valve 0 fo provide communication betveen 
the annular groove 42 and the interior of the 
main valve 0. A pair of spaced annular grooves 
44 and 45 are formed in the outer periphery of the 
pilot valve 2|. A pair of spaced annular grooves 
45 and 4 are formed in the interior surface 1 
of the main valve 0. A plurality of spaced 
apertures 48 associated with the annular groove 
45 are provided in the main valve 0 fo provide 
communication between the annular groove 44 of 
the pilot valve 21 and the pressure chamber 9, 
and a plurality of spaced apert.ures 49 associated 
with the annular groove 4 are formed in the 
main valve 0 fo pïovide communication be- 
tween annular groove 45 of the pilot valve 2 
and the pressure chamber 20. If will be noted 
that the formation of the annulaï grooves 44 and 
45 in the pilot valve 2  provides a land 50 aligned 
with the spaced apertures 43 of the main valve 
 9 when the pilot valve 2  is in the "off" position, 
as shown in Fig. 1. 
Considering the structure of the main valve  
and the pilot valve 2 as immediately deflned 
above, it will be noted that for the "off" position 
of the pilot valve 2, as shown in Fig. 1, fluid 
under pressure in the passageway 4 is prevented 
from passing fo either of the pressure chambers 
9 or 20 by the land 59. Howeveï, when the 
pilot valve 2 is moved to the right in response 

moved the saine distance fo the right and the 
aperture 43 of the main valve 10 is aiigned with 
the land 50 of the pilot valve 21. Moreover, since 
15 the distance through which the main valve 0 is 
moved to the rigt]t determines the area of the 
apertures 32 uncovered, the rate of fluid flow 
from the passageway 4 to the passageway 5 is 
therefore controlled proportionaily to the relative 
0 energization of the solenoids 24 and 25. 
In the saine manner, when the pilot valve 
is moved a predetermined distance fo the left, 
fluid under pressure is passed through.the aper- 
ture 43 of the main valve 0, the annular groove 
5 45 of the pilot valve 2 |, and the a-nnular groove 
4 and associated apêrtures 49 of the main valve 
H} to the pressure chamber 29. Fiuid pressure 
thereby established in the pressure chamber 
acts upon an annular face 52 of the main valve 
30 l0 to move the main valve 0 a corresponding 
distance fo the left, thereby admitting fluid under 
pressure fo the working passagewaY 5 from the 
inlet passagewaY 4 and controlling the flow 
thereof proportionailY fo the relative energiza- 
35 tion of the solenoids 24 and 25. Thus, the move- 
ment of the main valve 9 fo pass fluid under 
pïessu.re from the passagewaY 4 fo a selected 
one of thê pussageways 5 and 6 is controlled 
proportionailY fo the movement of the pilot valve 
40 21 by the solenoids 24 and 25. 
To botter understand the remaining operations 
and structure of the two-stage valve I, I bave 
shown a cross.-sectional view of a fluid motor 
comprising a housing 54 having a cylindrically 
45 shaped interior 55, a piston 5@ slidably positioned 
in the interior of the housing 54, and a piston rod 
 rigidly connected to the piston 5@ and slidably 
positioned in an aperture 59 in an end 59 of the 
motor housing 54. The piston 55 divides the fluid 
0 motor 53 into two chambers 5 and 
To operate the fluid motor 53 from the control 
valve I the working passageways 5 and 5 are 
connected respectively to the .chambers '5{} and 
51 of the fluid motor 53 by a pair of tubes 
5 and 53, or by 0ther suitable means. Consider- 
ing the operation of the valve ! in connection 
with the fluid motor 53, if wiI1 be noted that when 
the main valve I O of the control valve I is moved 

to operation of the solenoid 24, the land 50 is fo the right, fluid under pressure is passed 
also moved fo the right, thereby uncovering the 60 through the working passageway 5 of the valve I 
apertures 43 in the main valve I to permit the to the pressure chamber 50 of the fluid motoï 
passage of fluid under pressure from the pas- 3 forcing the piston 55 thereof fo the right pro- 
sageway 4 through the apertures 43, annular viding fluid is hot locked in the chamber 1. 
groove 44, annular groove 45, and apertm'es 4 To provide for the exhaust of fluid from the 
to the pressure chamber 19. Fluid under pres- 65 chamber 51 fo permit movement of the piston 5 
sure thereby admitted fo the pressure chamber to the right, a pluraiity of spaced apertures 54 
19 acts upon an annular surface 51 of the main and an annular groove 5 are formed in the 
valve l0 to force the main valve to the right and valve sleeve 9. The apertures 4 and groove 5 
thereby ailow fluid under pressure in the pas- providi communication bitween the dump pas- 
sageway 4 to be directed to the working pas- 70 sagewaY 3 of the housing 2 and the annular 
groove 34 of the main valve 15 when the main 
sageway 5. 
ttowever, the distance through which the main valve is movid te the right. Thus, when tle 
valve 15 is moved to the right is dependent upon main valve H} is moved to the right, communi- 
the distance through which the pilot valve 21 cation is estaglished between the chamber @l of 
is moved to the right. That is, the main valve  the fluid motor 53 and the dump passagewaY 



3 of the valve ! through annular groove 36 of 
the housing 2, annular groove 38 and apertures 
40 of the valve sleeve 8, annular groove 34 of 
the main valve 10, and apertures 64 and annular 
groove 65 of the valve sleeve 8. 
When the main valve 0 is moved fo the left, 
fluid under pressure is passed from the passage- 
way 4 through the working passageway 0 fo the 
chamber 6 ! of the fluid motor 53 causing the pis- 
ton 50 fo move fo the left providing the fluid is 
hot locked in chamber 09 of the fluid motor 53. 
OEo provide for the exhaust of fluid from the 
chamber 60 when the main valve 10 is moved fo 
the left, a plurality of spaced apertures 50 and 
an annular groove 67 are provided in the valve 
sleeve 8, the apertures 00 and annular groove 
being aligned with the dump passageway 
Thus, when the main valve 19 is moved to the 
left, communication is established between the 
chamber '00 of the fluid motor 53 and the dump 
passageway 3 through tube 02, passageway 
annular groove 35 of the housing 2, annular 
groove 37 and apertures 39 of the valve sleeve 
annular groove 33 of the main valve 10, and 
apertures 50 and annular groove 67 of the hous- 
ing 2. 
A consideration of the structure of main valve 
| as thus far described will indicate that when 
fluid under pressure is admitted to the pressure 
chamber 15 of the valve ! to move the main 
valve 10 to the right, such movement is ,pre- 
vented unless fluid stored in the pressure cham- 
ber 20 on a previous operation of the main valve 
10 to the left is exhausted. Therefore, to ex- 
haust fluid from the pressure chamber 20 of the 
control valve ! on movement of the main valve 
I(] to the right, I provide a plurality of spaced 
apertures 08 and an armular groove 09 positioned 
in the main valve 10. Communication is there- 
by provided between the pressure chamber 20 
and the dump passageway 3 through the aper- 
tures 45 and annular groove 47 of the main valve 
19, the annular groove 45 of the pilot valve 
the apertures 58 and annular groove 09 of the 
main valve 10, and the apertures 04 and an- 
nular groove 05 of the valve sleeve 6 when the 
main valve 10 is moved to the right. 
Tri addition, a plurality of spaced apertures 
70 and an annular groove 7! are formed in the 
main valve 10 fo exhaust fluid under pressure 
from the pressure chamber ! 9 of the control valve 
! to the dump passageway 3 through the aper- 
tures 48 and annular groove 40 of the main 
valve 10, the armular groove 44 of the pilot valve 
21, the apertures 70 and annular groove 7! of 
the main valve 10, and the apertures 06 and 
nular groove 07 of the valve sleeve 8 when 
the main valve 10 is mOved to the left. 
Those skilled in the art will understand that 
to avoid an unstable condition in the operation 
of a proportional hydraulic valve, such as con- 
trol valve I, the ratio of reactive forces to ac- 
tuating forces therein must be minimized. For 
example, T have deflned the opposing annular 
vertical surfaces of the grooves 33 and 34 of 
the main valve 10 by the numbers 72 and 
Those skilled in the art will understand that 
when fluid under pressure is passed from.the 
apertures S'2 across the surface 72 to the an- 
nu]af groove 3S, for example, the flow of fluid 
across the surface 72 results, in accordance with 
Bernoulli's law, in a smaller pressure on the sur- 
face 7 as compared with the fluid pressure on 
the surface 7S. That is, a reactive force result- 
ing fom the difference in pressures on the sur- 
faces 72 and 73 and dependent upon the rate of 

flow of fluid through the valve I is established  
on the main valve I(. If the reactive force is 
suflciently small as compared to the actuating 
force necessary to move the main valve 10, no 
5 dflïiculty is encountered. Therefore, the ratio 
of reactive to actuating force must be maintained 
at a predetermined minimum. 
The ratio of reactive to actuating forces may 
be reduced by reducing the reacive force o.r by 
10 increasing the actuating force. However, the re- 
active force developed in the main valve |0 is 
dependent upon the area of the annular surfaces 
72 and 73 of the grooves 33 and 34. NIoreover, 
the area of surfaces 72 cannot be reduced beyond 
15 a predetermined minimum depending upon the 
capacity of the valve. That is, to lessen the 
area of surfaces 72 by reducing the depth of tle 
annular grooves 33 and 34 reduces the capacity 
of the valve I@ and therefore is hot desirable if 
20 the capacity of the valve 10 is to be maintained. 
Moreover, to reduce the area of surfaces 72 by 
reducing the diameter of the valve 10 is impos 
sible where the depth of groove required for .a 
given length of groove fo maintain the capacity 
25 of the valve is greater than the radius of the 
valve. 
.Since the reactive force of the main valve 0 
is controlled by the area of the surfaces 2 is 
hot susceptible fo further reduction, if is neces- 
30 sary therefore to increase the actuating ïorce to 
maintain a desired ratio of reactive force fo ac- 
tuating force. The actuating force could be in- 
creased by increasing the size of the solenoids 
24 and 25 and arranging the solenoids fo en- 
35 gage. and directly operate the main valv 9.. 
However, to increase the size of he solenoids is 
undesirable for reasons of cost and structural 
limitations. NIoreover, by use of the.pilot vale 
2! in conjunction with the pressure chambers. 
4O 5 and 20, suflicient pressure is obtained on the 
relatively large surfaces 5! and 52 to maintain 
the desired ratio of reactive to actuating force. 
The application of the pilot valve 2! intro- 
duces a second reactive force in the alve . That 
is, the grooves 44 and 45 of the pilot Valve 2! 
45 form opposing annular vertical surfaces wtich I 
bave numbered 74 and 75. Thus, fluid under 
pressure admitted to groove 44, for example, by 
moving pilot valve 2! to the right, passes over 
the surface 74 fo produce a smaller pressure 
50 thereon than is applied to the surface 7. How- 
ever, the areas of surfaces 74 and 75 are con- 
siderably smaller than the areas of surfaces 72 
and 73 because of the relatively small diameter 
of the pilot valve 2! a compared fo. the .diam- 
55 eter of the main valve 0 and because the cross- 
sectional areas required of grooves 4 and 45 
are less than the cross-sectional areas required 
of grooves 33 and 34. That is, groove 33 re- 
quires a cross-sectional area sufiïcient fo passa 
60 flow of fluid determined by the capacity of the 
valve , whereas the groove 44 .requires a cross- 
sectional area suflicient nly to passa relatively 
small quantity of fluid required to pressurize the 
small chambers 5 and 20. Therefore, since the 
65 area of surface 74 is considerably smaller than 
the area of surface 72, a relatively smaller reac- 
rive force is developed in the pilot valve 2 as 
compared to the reactive force developed in the 
main valve I0 and proportionately small actu- 
70 ating pressure is required of the solenoids 24 
and 25 te maintain a desired ratio of reactive 
force fo actuating force necessary for stable op- 
eration of the pilot valve 2 !. 
Therefore, in accordance' vih m.y invention, 
75 I have provided a two-stge-proportiona] hy- 



a¢ Odce.d b )h ddtion o a po vale to 
Pe. rai0n 0f .h¢ .contr0) valve by a mi= 
mBm act)g-orse hçreby rcducing he cos 
0f .t aC)Uatg mea of e valve while main= 
88 8able 0peratg conditions herein. 
her, by my vention I hve produced a 
wo-e prorionaI hydraulic conrol valve of 
simple srce a reliable oeration in which 
ç.orional 0raion between the pilo valve 
and ma va}ve rein is obained direcly by 
locing the p}lot valve wihin the main valve 
and b pr0vidg sabl¢ cooperaively arranged 
ates nd annar gro0ves as described above 
i OetaJ hCçeby he use of additional 
iicaÇ!g devices such as springs, linkages, 
or elççça! piçkçff reqred in conventional 
twç,sge peçertioal hydraic valves are 
elima. 
fle .! ve sown and desçribed a particular 
ebç¢t f y vention,. it fll be obvio 
 ççS!le n the art hat various changes 
ad 0dçaÇs ay ¢ me withou depar 
g fr0 Y vet$0n in it br0ader aspects, 
a ! thçrefore a -i tbe appended clas t0 
cover aR such changes and modifications as fall 
wioE th true spit and scope of my 
vention. 
What I claire as new and dese  secure by 
trs Patent of the United Stars is: 
1. A two-sge hydraulic control valve com- 
pisg a hoi hang an inlet passageway, 
a pa o spaced worng passageways, and a 
h0low cyldcal terier, a cylindrical valve 
sleeve sembled in ed position in said housing 
inr$or, sad çalve sleeve having a cylindrical 
hollew inerior, a cyldrical main valve in said 
valve sleeve having a hollow cylindrical interior 
and opposi projectg ends of reduced diam- 
e said ma valve baving a êxternal diam- 
er slhtly less than the interior diameter of 
said valve sleve s0 as o be slidably positioned 
in $d valve geeve, opsite closed ends for said 
hog, sai ends havg aligned apertures fo 
ccommodat i pçojectg en of said main 
valve and povide for slidable movement of said 
ma valve in said valve sleeve, sd valve sleeve, 
.said housing ends and said main valve having 
adjacent sffaces forming a pair of pressure 
chabers, one at each end of said main valve, 
a cylindrica ilot Valve  said main valve having 
an exml diamer sightly less than the in- 
terior ameter of said main valve so as to ,be 
 sfiablY journalled in said main valve, said hous- 
in:valve slèeve adma alve having a plu- 
rfiçy 0f aso¢iad sace.d apertes and annular 
gç0ove to p0vide for the passage of fiuid from 
id iet  passageway  a selected one of said 
wking paageways depeent upon the posi- 
tio  SSd:.a vve in ad ousin, said wve 
sleee n sai. h0uçg hav!g a pluraty of 
gperture@  a_nnlargrooves paced to provide 
for the çem0va of fid from a selected one of 
aid worng ssagays dependent upon the 
ti0n. 0f sa. main valve n said valve sleeve, 
Sid ma valve, said pilot valve and said sleeve 
hav a plali o apertes and annular 
gçes coopeaie!y spaced  provide for the 
rçmoa! of fiud from a s!ected one of said pres- 
s chb.erÇ edÇn un the operation of 
 in , said va!ve sleeve, said main 
vvÇ. d s.aid: pot valve having a plality of 
cooperatively spaced apertures and annar 

8 
up0n the 0peration of said pilot valve to actuate 
s,id ,main v!ve In a desired direction, and actu- 
ating means external of said housing and 
gaging said ends of said pilot valve to operate 
5 the saine. 
2. A two-stage hydraulic control valve compris- 
ing a housing having a hollow cylindrical interior, 
a spaced inlet passageway, a pair of spaced work- 
ing passageways, and a dump passageway, each 
10 of said passageways communicating with the ex- 
terior of said housing, a valve sleeve having a 
cytindrical periphery engaging the interior of 
said housing and having a hollow cylindrical 
terior, a main valve slidably positioned in said 
15 valve sleeve, said main valve having an outer pe- 
riphery engaging the interior surface of said valve 
sleeve, a hollow cylindrical interior of relatively 
small diameter as compared to the diameter of its 
outer periphery, and opposite ends of reduced 
20 diameter, opposite closed ends for said housing, 
said housing ends having aligned apertures to ac- 
comm0date the ends of said main valve, a cylin- 
drical pilot valve slidably journaled in the interior 
of said main valve, said housing ends, said valve 
25 sleeve and said main valve having adjacent sur- 
faces forming two pressure chambers one at each 
end of said main valve fo control the slidable 
movement thereof in accordance with the rela- 
tive fiuid pressures in ,aid pressure chambers, 
3} said valve sleeve, said main valve, and said pilot 
valve havlng a p!urality of associated spaced ap- 
ertures and annular grooves to admit fiuid under 
pressure to a selected one of said pressure cham- 
bers in response to movement of said pilot valve 
35 in a selected direction thereby to control the op- 
eration of said ma valve in response to a select- 
ed operation of said pilot valve, said valve sleeve 
and said main valve having associated spaced ap- 
ertures and annular grooves to adroit fiuid under 
4} pressure to a selected one of said working pas- 
sageways in response to the selected movement 
of said main valve by said pilot valve, said valve 
sleeve and said main valve having a plurality of 
associated spaced apertures and annular grooves 
45 to pass fiuid from a selected one of said working 
passageways fo said dump passageway in response 
fo a selected operation of said main valve, said 
main valve, said pilot valve and said valve sleeve 
having a plurality of associated spaced apertures 
50 and annular grooves to allow fiuid to be exhausted 
fo said dump passageway from the particular one 
of said pressure chambers in whose direction said 
main valve is moving on a particular operation 
thereof to avoid the development of a back pres- 
55 sure on said main valve preventing operation 
thereof, and actuating m.eans external of said 
housing and engaging opposite ends of said pilot 
valve to operate the same. 
3. A two-stage hydraulic control valve compris- 
60 ing a housing having an elongated cylindrical 
teri0r, a spaced inlet passageway, a pair of spaced 
working passageways, and a dump passageway, 
each of said passageways communicating with the 
exterior of said housing, a valve sleeve having a 
65 cylindrical periphery engaging the interior of said 
housing and a hollow cylindrical interior, a main 
valve slidably positioned in said valve sleeve, said 
main valve having an outer periphery engaging 
the interior surface of said valve sleeve, a hol- 
70 low cylindrical interior of relatively small diam- 
eter as compared to the diameter of its outer pe- 
riphery and opposite ends of reduced diameter, 
opposite closed ends for said housing, said hous- 
ing ends having aligned apertures to accommo- 
7 date the ends of said main valve, a cylindrical 
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pilot valve slidably journaled in the interior of 
said main valve, said housing, valve sleeve, and 
main valve having a plurality of spaced apertures 
and a plurality of associated annular grooves co- 
operatively spaced to provide communication be- 
tween said inlet passageway and a selected one of 
said working passageways dependent upon the 
position of said main valve in said valve sleeve, 
said valve sleeve having an additional plurality of 
apertures and annular grooves cooperatively 
spaced with respect to said flrst mentioned aper- 
tures and annular grooves to exhaust fluid un- 
der pressure from a selected one of said working 
passageways in response to a selected operation of 
said main valve, a pair of pressure chambers, one 
at each end of said valve formed by aacent sur- 
faces of said valve sleeve, said housing ends and 
said main valve, a pilot valve slidably positioned 
in said main valve, said pilot valve having a pair 
of spaced annular grooves forming a centrally 
disposed land portion, said main valve having an 
addltional plurality of spaced apertures and an- 
nular grooves cooperatively arranged with respect 
to said land portion and said spaced annular 
grooves of said pilot valve to adroit fluid under 
pressure from said inlet passageway o a selected 
one of said pressure chambers to selectively oper- 

10 
are said main valve in response to a selected op- 
eration of said pilot valve and to interrupt com- 
munication between said inlet passageway and 
sald pressure chambers when said main valve and 
5 pilot valve are aligned, said main valve having a 
further plurality of spaced apertures and annu- 
lar grooves cooperatively arranged with respect 
to said apertures and annular grooves of said 
valve sleeve to exhaust fluid under pressure from 
I0 a selected one of said pressure çhambers depend- 
ent upon the operation of said main valve, and 
actuating means external of said housing and 
engaging said ends of said pilot valve to oper- 
are the saine. 
15 EARLE 1. WALTHERS. 
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